the PAD group, SPP was also measured after the operation when possible, and SPP ≥45 mmHg was defined as circulatory improvement in the foot, and SPP <45 mmHg as the absence of its improvement. Vascular lesions mainly located in the aorta ⋅ iliac artery ⋅ common femoral artery were regarded as the central type, those mainly located in the inguinal region or below as the peripheral type, and those located in both the central and peripheral areas as the combined type, and complete revascularization was planned in principle. As the revascularization technique, endovascular therapy (EVT) was performed for lesions that can be managed by EVT. For lesions contraindicated for EVT, surgical revascularization, primarily bypass surgery, was performed.
Concerning the ulcer depth, wounds limited to the skin or subcutaneous fat layer were defined as superficial ulcers, and those showing exposure of the tendon, cartilage, or cortical bone as deep ulcers. For superficial ulcers, secondary healing can be achieved by conservative treatment, or wound closure is possible by skin grafting. However, for deep ulcers, secondary healing or skin graft survival is almost impossible. Therefore, conventionally, stump plasty or coverage with a skin flap was indispensable. However, due to the advent of intra-wound continuous negative pressure therapy (IW-CONPIT) 3) and negative pressure wound therapy (NPWT), 4, 5) the induction of granulation in such tissue with poor blood flow from the surround area became possible. Therefore, as plastic surgery in the Non-PAD group, active debridement of necrotic tissue was performed, and when neither bone nor tendon was exposed, conservative treatment for secondary healing or skin grafting was performed for wound closure. When bone or tendon was exposed, stump plasty was performed whenever possible. When stump plasty was impossible, granulation was induced by IW-CONPIT or NPWT combined with artificial dermis application for secondary healing, or skin grafting was performed. In the PAD group, when SPP increased to ≥45 mmHg after revascularization, the above wound treatment was performed. In patients showing an SPP <45 mmHg and the non-revascularization group, wound treatment to maintain dryness was performed so as not to induce extension of infection and necrosis.
During the observation period, wound closure with heel preservation was defined as healing. No wound closure or amputation central to the heel was defined as non-healing. Factors affecting the healing rate were evaluated. In 41 limbs treated by revascularization, the limb salvage and patency rates of the reconstructed artery Endocrinology, and Nephrology in 2007, and have treated gangrene and intractable foot ulcers. In this study, to determine whether treatment performed by this medical team including the Department of Plastic Surgery was actually useful for improving treatment results for intractable foot ulcers, we evaluated prognostic factors for wound healing in patients with ulcers in the lower extremities encountered in our department, particularly, foot ulcers accompanied by impaired blood circulation requiring cooperation especially with the Department of Vascular Surgery.
SubjectS and MethodS
Between April 2007 and June 2010, ulcer treatment was performed in the Department of Plastic Surgery for 79 limbs of 73 patients (52 males and 21 females; mean age, 73.1 years) with intractable foot ulcers (including wound dehiscence areas). Patients with venous stasis leg ulcers were excluded. At the time of the first consultation, in patients with DM as a complication, the first priority was blood glucose control in the Department of Metabolism and Endocrinology. Skin perfusion pressure (SPP) was measured in the dorsal area around the ulcer and plantar area using PAD3000 ® (Väsamed Inc., Eden Prairie, Minnesota, USA), and SPP ≥45 mmHg was regarded as the absence of impaired circulation, and SPP <45 mmHg was regarded as the presence of impaired circulation. Even in patients in whom SPP could not be measured, when diagnostic imaging showed clear vascular lesions, impaired circulation was considered to be present.
Impaired circulation was absent in 21 limbs of 21 patients (17 with DM and 3 on maintenance hemodialysis) (Non-PAD group). In this group, active wound treatment was immediately initiated. Impaired circulation was present in 58 limbs of 52 patients (40 with DM and 14 on maintenance hemodialysis) (PAD group), and revascularization techniques were evaluated in the Department of Vascular Surgery. As a result, 37 patients (41 limbs) in this group underwent revascularization (revascularization group), and were mainly evaluated in this study. The other 15 patients (17 limbs) did not undergo revascularization (non-revascularization group) because of the absence of appropriate vessels for peripheral anastomosis due to lesions of the foot (14 limbs), occlusion of a previously implanted graft (1 limb), and aggravation of the general condition (2 limbs).
In Ulcers healed in 66% of the revascularization group and in 59% of the non-revascularization group. Factors affecting the healing rate in the revascularization group were evaluated ( Table 2) . Maintenance hemodialysis, infection, and improvement in SPP were associated with the healing rate. According to the revascularization technique, the healing rate was higher in the bypass group were also evaluated.
reSultS
The clinical characteristics of all patients are shown in Table 1 . The PAD group was older than the Non-PAD group. No significant difference was observed in the sex or incidence of DM or maintenance hemodialysis. Ulcers accompanied by infection were observed in 11 limbs (19%) in the PAD group but in 9 limbs (43%) in the Non-PAD group, although the difference was not significant. SPP could be measured in 34 limbs in the PAD group and 7 limbs in the Non-PAD group. The dorsal and plantar SPP values were 27.9 ± 20.1 mmHg and 34.6 ± 17.7 mmHg, respectively, in the PAD group and 76.3 ± 10.2 and 67.6 ± 14.6 mmHg, respectively, in the Non-PAD group. Although SPP was higher in the Non-PAD group, ulcer healing was observed in 38 limbs (66%) in the PAD group and 17 limbs (81%) in the Non-PAD group, and the healing rate did not differ between the two groups. The healing rate was low in the presence of maintenance hemodialysis and deep ulcers. In the Non-PAD group, there were no factors affecting the healing rate. In the PAD group, the healing rate was low in the presence of maintenance dialysis, deep ulcers, and infection, but was not associated with the presence/absence of revascularization.
In the 41 limbs of the 37 patients in the revascularization group, the vascular lesion distribution was the peripheral type in 30 limbs and the combined type in 11 limbs, and the central type was not observed. The preoperative ankle brachial pressure index (ABI) was 0.609 ± 0.352, and the dorsal and plantar SPP values were 26.3 ± 18.4 mmHg and 31.5 ± 15.7 mmHg, respectively. As revascularization surgery, a total of 47 procedures were Therefore, artificial dermis was applied, NPWT was continued, and good granulation was observed. Thin split thickness skin grafting was performed from the plantar arch 28 days after the bypass surgery. Although part of the skin graft did not survive, the wound was closed 3 months after the bypass surgery, and no recurrence has been observed (Fig. 1) .
Case 2
Patient (non-revascularization group): A 74-year-old female Chief complaint: Pain in the right hallux Past history: PAD, DM, hypertension, old cerebral infarction, scleroderma Present illness and course: She was diagnosed with scleroderma in 1999 and underwent treatment for skin ulcers of the hands and feet. A skin ulcer on the right hallux began to be aggravated in January 2009, and she visited our department in February. The dorsal SPP was 11 mmHg, and the plantar SPP was 34 mmHg, but revascularization was not indicated, and conservative treatment was continued. In June, since infection as a complication occurred, surgery was planned. The hallux was amputated at the diaphysis of the metatarsal, and debridement of necrotic tissue was performed. Artificial dermis was applied, and IW-COMPIT was continued for 1 month. Favorable granulation was observed, and mesh split thickness skin grafting was performed. The wound closed 6 months after the skin grafting. However, since the skin was thin, involving the risk of recurrence, an orthosis was produced in cooperation with an orthotist for the prevention of recurrence. At present, erosion is partly observed, but the outcome is mostly satisfactory (Fig. 2) .
(83%) than in the EVT group (52%), but the difference was not significant. In the revascularization group, the limb salvage rate in all 41 limbs was 83% at 1 year, and major amputation was performed in 8 limbs (20%). None of the patients showing ulcer healing underwent limb amputation during the observation period. None of the patients without DM as a complication and those showing improvement in SPP underwent limb amputation. The healing rate was significantly lower in the patients with than in those without ulcer infection. Maintenance hemodialysis or the primary patency rate was not associated with the limb salvage rate. The primary patency rate for the revascularized artery was 70% at 1 year, and was slightly lower (p = 0.0755) for EVT (58%) than for bypass surgery (87%). 8) In our institution, results almost comparable to theirs were obtained. Even in patients without circulatory improvement, activation of the wound surface and infection control became possible using NPWT 4, 5) and IW-CONPIT, 3) and the healing rate in the non-revascularization group was 59%. As shown in Table 2 , healing was also observed in 6 (55%) of the 11 limbs showing an SPP <45 mmHg. Concerning the wound healing mechanism, NPWT, which promotes wound healing by the continuous application of a negative pressure to the wound surface, was first reported by Argenta 4) and Morykwas 5) and, subsequently, there have been many case reports. The mechanism for the promotion of healing by NPWT has been discussed by Isago, et al., 9) Scherer, et al., 10) and Ogawa, et al. 11) 
dIScuSSIon
In patients with PAD as a complication, circulatory improvement and infection control are important to achieve wound healing of intractable skin ulcers of the foot. First, evaluation of local blood flow is indispensable. The measurement of ABI is useful for general assessment such as screening, but ABI is not always correlated with blood flow of the foot in lesions involving the crural artery or below. In this study, there are some patients with a normal ABI despite critical ischemia of the foot due to a crural artery lesion. Blood flow evaluation in terms of the transcutaneous oxygen pressure (TcPO 2 ) involved problems such as the complicated measurement procedure and long measurement time. In the 1990s, the laser Doppler method allowed straightforward measurement of local skin blood flow and began to be frequently used for the evaluation of local blood flow. Castronuovo, et al. reported that the SPP borderline for the healing of ischemic ulcers is 30 mmHg and wound healing in 100% with SPP ≥45 mmHg. 6) Tsuji, et al. reported that the wound healing mechanism functions well when SPP is ≥40 mmHg. 7) In our institution, in patients showing an SPP <45 mmHg, revascularization was actively performed in the Department of Vascular Surgery. As a result, as shown in Table 1 , wound closure with heel preservation was achieved in 81% of the Femoro-post-tibial artery bypass and debridement was performed (above, right). On POD 28, SPP was improved to 72 mmHg dorsal and 97 mmHg plantar, and skin grafting was performed (below, left). Three months after revascularization, the ulcer had healed (below, right). although the differences were not significant. Kudo, et al. 14) reported that EVT has been replacing bypass surgery, and is the first choice. Haider, et al. 15) concluded that critical limb ischemia is a good indication for EVT despite a high re-stenosis rate. On the other hand, Bradbury, et al. randomly assigned 452 patients with critical limb ischemia to bypass operation or EVT, and reported that : (1) the early failure rate was significantly higher for EVT than for bypass surgery, (2) most patients who underwent EVT ultimately required surgery, (3) the patency rate for bypass surgery after failed EVT was significantly lower than that for bypass surgery performed as the first revascularization technique, and (4) bypass surgery with vein grafts was associated with high amputation-free survival and overall survival rates. 16) Therefore, in our institution, based on the advantages and disadvantages of both treatment techniques, the Department of Vascular Surgery provides both EVT and bypass surgery, and can smoothly select a treatment technique and cope with changes and addition without being partial to either technique. The goals of the entire treatment course in each patient are ulcer healing as early as possible with heel preservation and the achievement of standing and walking. Unless the two are achieved, functional recovery or improvement of the patient's QOL is impossible. Therefore, the goals should not only be an increase in the limb salvage rate. Circulation and revascularization should be rapidly evaluated, foot ulcers should be healed, and smooth cooperation for orthosis production and rehabilitation is necessary.
Ogawa, et al. 11) suggested the following 4 mechanisms of NPWT: (1) wound contraction, (2) wound rest environmental improvement, (3) removal of excessive exudates, and (4) physical stimulation of cells and tissue. In addition, as secondary effects, they suggested the involvement of: (1) a decrease in the wound volume, (2) an increase in the blood flow around the wound, (3) decreases in infection and contamination, and (4) biochemical changes in the wound. However, even in NPWT, control is more difficult for severer infection, and wound healing is delayed. 3) IW-COPIT, in which continuous irrigation is simultaneously performed to control infection, was first reported by Kiyokawa, et al. 3) Subsequently, this method has been improved by Kiyokawa, Takahashi, and Morinaga, et al., 12, 13) and is used in many institutions at present. In this study, skin ulcers were also treated by IW-CONPIT combined with artificial dermis application in our institution, and good wound bed preparation and wound closure were achieved even in patients with exposed bone or tendon. As shown in Table 2 , the healing rate was significantly lower in patients with PAD complicated by infection than in those without infection. Even when revascularization was performed, healing is difficult in the presence of infection. Therefore, the local control of gangrene and ulcers is indispensable, and close cooperation between the Department of Vascular Surgery and Department of Plastic Surgery is important.
When the healing and patency rates were compared among revascularization techniques, both were higher in the bypass surgery group than in the EVT group, In our center, a selective algorithm using a team approach is performed for intractable leg ulcers. In patients with DM as a complication, glucose control is performed by the Department of Internal Medicine, and SPP is measured by the Department of Plastic Surgery for the evaluation of circulation in the foot. Subsequently, the Department of Vascular Surgery determines whether revascularization is indicated, and performs it if needed. Based on the presence or absence of adequate circulatory improvement after revascularization, the Department of Plastic Surgery selects the contents of local treatment. However, since crural EVT involves a high risk of re-occlusion, careful attention is also necessary during local treatment. When there are signs of re-occlusion, re-treatment is immediately performed by the Department of Vascular Surgery (Fig. 3) . In addition, since patients with intractable leg ulcers often have other diseases, simultaneous control or treatment of these diseases in cooperation with other departments is also important for the prevention of wound persistence or aggravation. Thus, the organization of a foot care team by cooperation among multiple departments may be extremely effective for increasing the healing rate of intractable leg ulcers and decreasing major amputations.
concluSIonS
We evaluated the results of treatment involving the Department of Plastic Surgery in patients with intractable foot ulcers, and considered that team medicine contributed to improvement of the treatment results. Rapid medical cooperation is important to recover the walking function of patients with intractable foot ulcers.
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